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Abstract. We briefly review the global Standard Model fit to electroweak precision data, and discuss the status
of electroweak constraints on new interactions. We follow a general effective Lagrangian approach to obtain
model-independent limits on the dimension-six operators, as well as on several common new physics exten-
sions.
1 Introduction
The measurement of the Higgs mass at the LHC [1, 2]
provides a direct determination of the last of the Standard
Model (SM) input parameters. With this measurement the
global SM fit to Electroweak Precision Data (EWPD) is
overconstrained. At the minimum, the best fit values for
the SM inputs are given by
MH = 125.7 ± 0.42 GeV [99+26−21 GeV],
mt = 173.5 ± 0.81 GeV [175.5 ± 2.2 GeV],
MZ = 91.1879 ± 0.0021 GeV [91.197 ± 0.010 GeV],
αs(M2Z) = 0.1186 ± 0.0007 [0.1187 ± 0.0026],
∆α(5)had(M
2
Z) = (2755 ± 10) · 10−5 [(2735 ± 41) · 10−5].
The results in brackets are the values obtained by re-
peating the fit after excluding each direct determination
from the data. Thus, the bracketed numbers represent the
indirect determination of the corresponding input param-
eter from EWPD. As can be seen, all indirect determina-
tions are around or below 1 σ from the direct measure-
ments, illustrating the consistency between data and the
SM. More precisely, the goodness of the fit can be quan-
tified by the χ2/nd.o.f. = 1.05, which corresponds to a
reasonably good probability: p-value = 0.26. Our elec-
troweak fits include the usual Z-pole data [3], ∆α(5)had(M
2
Z)
[4], the latest values for αs(M2Z) [5], the top mass [6] and
the W mass and width [7], as well as several low-energy
measurements [8, 9]. We also include the final results of
e+e− → f¯ f from LEP 2 [10].
Despite the general good agreement between the data
and the SM predictions, when looking at the agreement
for individual observables, there are a few significant dis-
crepancies. It is also noteworthy that some of these appear
to be centered in the bottom sector. First, we have the
longstanding anomaly in the forward-backward asymme-
try for the b quark, AbFB, which is around −2.5 σ away
from the SM prediction. Second, the recent computation
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of the 2-loop corrections to Rb results in a contribution of
size similar to the experimental error [11]. This moves the
observable from a previous good agreement (0.7 σ) to a
discrepancy of about 2.4 σ, enhancing the tension in the
bottom sector.
From a theoretical and “aesthetic" point of view, on
the other hand, it could be argued that the SM does not
perform as well. It has too many free parameters and it
is unable to provide answers to several fundamental ques-
tions. Moreover, it also suffers from naturalness/fine tun-
ing problems, such as the hierarchy problem. These rea-
sons suggest that the SM can only be realized as a low-
energy approximation of a more fundamental theory. Nat-
uralness arguments also lead to the conclusion that new
physics beyond the SM should be present not far from the
TeV scale. In this regard, once all the SM inputs are set,
the existence of any extra contributions to electroweak pre-
cision observables can only be attributed to new physics.
Hence, the predictive power of the electroweak fit can also
be used to constrain the size of these new physics effects.
2 Model-independent bounds on new
physics
In the absence of any hint about the nature of any possi-
ble physics beyond the SM, it is convenient to use a gen-
eral model-independent description of new physics effects.
This is provided by using an effective Lagrangian expan-
sion,
LEff =
∞∑
d=4
1
Λd−4
Ld = LSM + 1
Λ
L5 + 1
Λ2
L6 + · · · ,
Ld =
∑
i
αdi Odi ,
[
Odi
]
= d, (1)
which parametrizes new physics effects at energies below
the new physics scale, Λ, as contributions to the coeffi-
cients of the higher-dimensional operators in (1). Assum-
ing Λ & 1 TeV, and taking into account the precision of
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current data, it suffices for most purposes to consider ef-
fects up to dimension six in the effective Lagrangian ex-
pansion. At this order, all possible operators have already
been classified [12, 13]. The EWPD limits on dimension-
six interactions that can be generated at the tree level upon
integration of any extra scalars, fermions or vector bosons,
and that can interfere with the SM amplitudes, were com-
puted in [14]. In Table 1 we recompute those bounds in-
cluding the most recent updates in the experimental data
and theoretical predictions. As in [14], and unless oth-
erwise is stated, we assume only one operator at a time
in the fits, as well as flavor-diagonal and family-universal
fermionic interactions whenever this applies.
The updates in the fit compared to [14] have sev-
eral implications. First, since the operators O(3)φ =
(φ†Dµφ)((Dµφ)†φ) and OWB = (φ†σaφ)WaµνBµν (equiva-
lent to the T and S oblique parameters, respectively) are
strongly correlated with the Higgs mass, the precise mea-
surement of the latter has a significant impact in the indi-
vidual fit to each of these operators. (For the case of O(3)φ
[OWB] including the measurement of MH reduces the size
of the confidence interval by a factor ∼ 5 [∼ 3].)
Second, there are several updates in the data taken
away from the Z pole. These are present both in the low-
energy observables and in the e+e− → f¯ f data above the
Z pole from LEP 2. For instance, the measurement of the
weak charge of 13355Cs in atomic parity violation experi-
ments has moved from almost a perfect agreement with
the SM to about 1.3 σ [15]. The final results from LEP
2 are all in good agreement with the SM. In particular,
the small excess found in the hadronic cross section in
the preliminary results has been reduced to 1.2 σ. The
new LEP 2 data also include determinations of the differ-
ential cross-sections in e+e− → µ+µ−, τ+τ−, not present
in the analysis of [14]. All these (low-energy and high-
energy) observables are particularly relevant to constrain
new physics in the form of four-fermion interactions, since
the Z-pole data are mostly insensitive to such effects.
Since most of the four-fermion operators only contribute
to very few observables, a change in one particular ob-
servable can have a large impact in the confidence interval
for the corresponding interaction. This explains the dif-
ferences in some of the results compared to [14]. On the
other hand, the dimension-six operators (φ†iDµφ)(ψγµψ)
and (φ†iσaDµφ)(ψγµσaψ) induce direct contributions to
the Z-pole observables. Therefore, the changes and new
additions of the non-Z pole data have a smaller effect in
many cases, especially for the leptonic operators.
It is interesting to examine what operators can loose
the tension between theory and data for those observables
that show a discrepancy with the SM predictions. For the
specific case of AbFB and Rb measured at the Z pole, this
can be done introducing direct corrections to the neutral
current bottom couplings,
gbL,R = g
b SM
L,R + δg
b
L,R
(gb SML = −
1
2
+
1
3
sin2 θW , gb SMR =
1
3
sin2 θW ).
Table 1. 95% C.L. EWPD limits on the dimension-six operator
coefficients. The limits are obtained from a fit considering only
one operator at a time. Fermionic interactions are assumed to be
flavor diagonal and family universal.
Operator Coefficient 95% C.L. EWPD limit
Oi αiΛ2 [TeV−2]
1
2 (lLγ
µlL)(lLγµlL)
α(1)ll
Λ2
[−0.058, 0.037]
1
2 (lLγ
µσalL)(lLγµσalL)
α(3)ll
Λ2
[−0.007, 0.008]
(lLγµlL)(qLγµqL)
α(1)lq
Λ2
[−0.012, 0.055]
(lLγµσalL)(qLγµσaqL)
α(3)lq
Λ2
[−0.006, 0.012]
1
2 (eRγ
µeR)(eRγµeR) αeeΛ2 [−0.051, 0.009]
(eRγµeR)(uRγµuR) αeuΛ2 [−0.097, 0.017]
(eRγµeR)(dRγµdR)
αed
Λ2
[−0.077, 0.040]
(lLeR)(eRlL) αleΛ2 [−0.050, 0.074]
(lLuR)(uRlL) αluΛ2 [−0.191, 0.082]
(lLdR)(dRlL)
αld
Λ2
[−0.213, 0.041]
(qLeR)(eRqL)
αqe
Λ2
[−0.022, 0.110]
(φ†iDµφ)(lLγµlL)
α(1)
φl
Λ2
[−0.005, 0.011]
(φ†iDµφ)(qLγµqL)
α(1)φq
Λ2
[−0.021, 0.025]
(φ†iDµφ)(eRγµeR)
α(1)φe
Λ2
[−0.013, 0.007]
(φ†iDµφ)(uRγµuR)
α(1)φu
Λ2
[−0.070, 0.031]
(φ†iDµφ)(dRγµdR)
α(1)
φd
Λ2
[−0.098, 0.008]
(φ†iσaDµφ)(lLγµσalL)
α(3)
φl
Λ2
[−0.007, 0.004]
(φ†iσaDµφ)(qLγµσaqL)
α(3)φq
Λ2
[−0.007, 0.007]
(φT iσ2Dµφ)(uRγµdR)
αφud
Λ2
[−0.017, 0.022]
(φ†Dµφ)((Dµφ)†φ)
α(3)φ
Λ2
[−0.023, 0.006]
(φ†σaφ)WaµνBµν
αWB
Λ2
[−0.007, 0.003]
At dimension six, such corrections are given by
δgbL = −
1
4
(
α(1)φq + α
(3)
φq + h.c.
)
33
v2
Λ2
,
δgbR = −
1
4
(
α(1)
φd + h.c.
)
33
v2
Λ2
. (2)
In Figure 1 we show, for example, the results from
the fit to an SM extension with the operators O(1)φq =
(φ†iDµφ)(qLγµqL) and O(1)φd = (φ†iDµφ)(dRγµdR) (at the
same time) in two cases: flavor-diagonal and family-
universal interactions, and couplings only to the third fam-
ily. From that figure it is obvious that bringing both ob-
servables within 1 σ of the experimental value is only pos-
sible for non-universal interactions. In that case there are
two solutions allowed by EWPD: one with small devia-
tions from both SM couplings, while the other involves a
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Figure 1. Solutions to the Rb and AbFB anomalies within a SM
extension with the dimension-six operators O(1)φq and O(1)φd . The
small (grey) ellipse represents the 95% confidence region from
a fit assuming diagonal and universal couplings, and it is unable
to reconcile both observables with the experimental values. The
large (blue) 95% C.L. ellipses represent the two solutions ob-
tained from a fit assuming interactions only with the third family.
correction to gbR so large that it actually flips the sign of the
right-handed Zb¯b coupling.
3 Model-independent bounds on new
particles
The use of the effective Lagrangian approach in the previ-
ous section has the advantage of being completely general.
However, the proliferation of higher-dimensional opera-
tors in the expansion (1) makes difficult to extract precise
information of the underlying high-energy theory. The re-
sults in the last section assume only one operator at a time
but, in general, a definite model will give contributions to
several operators at the same time, with model-dependent
correlations. Of course, it is possible to use an intermedi-
ate approach, retaining some of such correlations without
giving up completely on model independence.
Any renormalizable extension of the SM is associated
with the presence of extra particles of spin 0, 1/2 or 1.
Under general assumptions, all the possible particles in-
teracting with the SM ones are determined by Lorentz and
SM gauge invariance [16–18]. Such extensions can still
be studied from a model-independent point of view by
considering general couplings with the SM particles. In
this section we present updates of the results for the elec-
troweak limits on extra vector-like leptons [17] and new
spin-1 bosons [18].
Extra vector-like leptons, L, can have renormalizable
interactions with the SM families only through Yukawa
couplings,
∆L = −yLeLLΦLeeR − yLlLRΦLllL + h.c.,
with ΦLl,Le the form of the scalar doublet needed for gauge
invariance of the Yukawa terms. When the new lepton
Table 2. Upper limit at 95 % C.L. on the absolute value of the
lepton mixings, assuming each new lepton mixes with only one
SM family.
Lepton 95% C.L. EWPD limit on mixing sL`
L (dc, dL)Y Only e Only µ Only τ
N (1, 1)0 0.041 0.030 0.087
E (1, 1)−1 0.021 0.030 0.033(
N
E−
)
(1, 2)− 12 0.020 0.048 0.034(
E−
E−−
)
(1, 2)− 32 0.028 0.028 0.046 E+N
E−
 (1, 3)0 0.019 0.017 0.030 NE−
E−−
 (1, 3)−1 0.016 0.024 0.029
mixes with only one SM family then the mixing is given
by |sL` | ∼ |yL` | v/
√
2ML. All the possible representations
for new leptons that can mix with the SM ones were clas-
sified in [17]. (In the tables below we use the notation
(dc, dL)Y to refer to the different representations of the SM
gauge group, with dc,L the dimensionality of the color and
isospin representations, and Y the hypercharge.) In that
reference we also computed the dimension-six effective
Lagrangian obtained after integrating out the new heavy
particles, and derived the resulting constraints on the lep-
ton mixings from EWPD. Table 2 shows the updated elec-
troweak bounds on these mixings. The most significant
changes compared to the results in [17]1 occur for the case
of neutrino singlets mixing with the second family. The
more stringent bound in this case results from the inclu-
sion of the unitarity constraints of the Cabibbo-Kobayashi-
Maskawa matrix (first row). Because of the correlation be-
tween neutrino mixing with the electron or muon families
and the Higgs mass in the fits [17], the determination of
MH also has some impact in the corresponding limits.
The phenomenological implications of the existence
of extra vector bosons have been extensively studied in
the literature. Although most studies focus only on the
cases of extra neutral or charged vector bosons (Z′ and
W ′, respectively), there are many other possibilities. For
the computation of the effective Lagrangian at dimension
six, assuming only one new vector multiplet, all the rele-
vant interactions between the extra spin-1 states, V, and
the SM particles can be written as
∆L = −ηV
2
(
Vµ †JVµ + h.c.
)
, JVµ =
∑
k
gkV j
V k
µ ,
where ηV = 1(2) for real (complex) vectors, gkV are dimen-
sionless constants, and the dimension-three operators jV kµ
are in the same representation of V, RV. There are two
kinds of non-redundant interactions: with two fermions
1Note that the limits in that reference are computed at the 90% C.L..
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jVψ1ψ2µ = [ψ1 ⊗ γµψ2]RV ; and with two scalars and a co-
variant derivative jVφµ = [Φ† ⊗ Dµφ]RV (Φ = φ or iσ2φ∗).
The different vector representations and the correspond-
ing currents were classified in [18], where we also com-
pute the contributions from these particles to the effec-
tive Lagrangian at dimension six. At this order EWPD
is only sensitive to the ratios GkV ≡ gkV/MV. Also, some
of the new vectors cannot be constrained by EWPD be-
cause they only couple to quarks. In Table 3 we update
the electroweak limits in [18], using the same assump-
tions in that reference. Some of these bounds were re-
cently updated in [19]. Compared to that last reference,
the numbers presented here incorporate the final combi-
nation of LEP 2 e+e− → f¯ f data. As explained above,
this includes, in particular, a large set of new results in
the e+e− → µ+µ−, τ+τ− channels. The good agreement
of these data with the SM then strengthens the constraints
on the contributions to four-lepton operators, and hence
the corresponding bounds on the new vector couplings
to leptons. This kind of bounds are mostly independent
of the Higgs couplings to the extra vectors. Moreover,
as explained in [20], the constraints on the contributions
from new vectors to operators with four left-handed or
four right-handed leptons provide the most robust limits
on their couplings to fermions. Unlike the contributions
to other four-fermion operator coefficients, these have a
definite sign and therefore cannot be easily cancelled by
other particles. More precisely, this is not possible with
any kind of extra fermions or vector bosons. Relaxing the
bounds derived from contributions to four-lepton interac-
tions requires very specific scalar additions designed for
this purpose [20].
4 Conclusions
Electroweak precision data has been crucial in testing the
validity of the SM at the electroweak scale. The model
predictions have been proved to the level of radiative cor-
rections, finding a good agreement with data. This, in
turn, implies strong constraints on any possible contribu-
tion from new physics to electroweak precision observ-
ables. In this short note we have studied the EWPD con-
straints on new physics from a model-independent point
of view, using an analysis based on a dimension-six effec-
tive Lagrangian. EWPD provides strong limits on many of
the different dimension-six operators. We have presented
updated results for a large set of these interactions with
the most up-to-date data. We have also updated the limits
for several different SM extensions including extra leptons
and vector bosons.
The results of these EWPD analyses of new physics
guide and provide complementary information to that
from direct searches. With about 20 fb−1 of data collected
at the LHC at
√
s = 8 TeV we still do not have any sig-
nificant deviation from the SM, so we can use the LHC
results to derive indirect constraints. With the current pre-
cision of data, the electroweak bounds are comparable to
those from the LHC at 8 TeV, and in many cases still dom-
inate [21]. However, instead of focusing on the compe-
Table 3. 95% C.L. EWPD limits on the ratios GkV ≡ gkV/MV for
the extra vector bosons. For the first three representations we
assume diagonal and universal fermion couplings. The results
for the last six representations are obtained from a fit to each of
the entries of the coupling matrices at a time.
Vector Parameter 95% C.L. EWPD limit
Vµ (dc, dL)Y GkV ≡ gkV/MV [TeV−1]
Bµ (1, 1)0 GφB [−0.092, 0.092]
GlB [−0.123, 0.123]
GqB -
GeB [−0.157, 0.157]
GuB -
GdB -
Wµ (1, 3)0 GφW -
GlW [−0.288, 0.288]
GqW -
B1µ (1, 1)1 GφB1 [−0.089, 0.089]
GduB1 -
W1µ (1, 3)1 |GφW1 | < 0.301
Lµ (1, 2)− 32 |GelL| <
 0.25 0.32 0.230.32 - -0.23 - -

U2µ (3, 1) 23 |GedU2 | <
 0.31 0.51 0.51- - -- - -

|GlqU2 | <
 0.13 0.30 0.300.71 0.70 -- - -

U5µ (3, 1) 53 |GeuU5 | <
 0.33 0.53 -- - -- - -

Q1µ (3, 2) 16 |GulQ1 | <
 0.32 0.94 -0.61 - -- - -

Q5µ (3, 2)− 56 |GdlQ5 | <
 0.98 1.24 -0.96 - -0.96 - -

|GeqQ5 | <
 0.71 0.79 1.10- - -- - -

Xµ (3, 3) 2
3
|GlqX | <
 0.22 0.77 0.611.23 1.53 -- - -

tition between EWPD and LHC limits, we would like to
emphasize the complementarity of both, and the impor-
tance of a combined analysis. The interest of this kind of
combination is two-fold. On the one hand, for those in-
teractions that can contribute to both types of observables
(electroweak and LHC), this allows to strengthen current
constraints [21]. On the other hand, given the different
nature of the LHC and electroweak observables, both can
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be sensitive to certain interactions that cannot be seen by
the other. For instance, EWPD are virtually blind to four-
quark contact interactions, which can be tested at the LHC
[22]. Even if one of the experiments is not sensitive to
some interaction, the combined limits can be significantly
stronger within definite scenarios because of theoretical
correlations. Thus, if we aim to cover the most general
class of new physics scenarios, and obtain the most strin-
gent bounds, the combination of electroweak and direct
searches analyses becomes mandatory.
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